Progress in cognitive neuroscience relies on methodological developments to increase the specificity of knowledge obtained regarding brain function. For example, in functional neuroimaging the current trend is to study the type of information carried by brain regions rather than simply compare activation levels induced by task manipulations. In this context noninvasive transcranial brain stimulation (NTBS) in the study of cognitive functions may appear coarse and old fashioned in its conventional uses. However, in their multitude of parameters, and by coupling them with behavioral manipulations, NTBS protocols can reach the specificity of imaging techniques. Here we review the different paradigms that have aimed to accomplish this in both basic science and clinical settings and follow the general philosophy of information-based approaches.
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Moving Forward from a 'Black-Box' Approach to Informed NTBS In any field of science, continued progress requires the refinement of experimental approaches. This can take the form of developments of hardware (such as moving to higher field strength in fMRI research) or analysis techniques (such as application of machine learning to fMRI data). In the case of studies of noninvasive brain stimulation, there have been various methodological developments, such as new coil designs and combination with neuroimaging techniques. However, independently of such advances, an important source of increased precision in these studies has come from a refined conceptualization of how the stimulation itself interacts with underlying brain activity. This has allowed researchers to use NTBS to target specific neuronal representations, oscillatory frequencies, and neuronal pathways.
A key conceptual shift underlying these developments has come from moving beyond perceiving participants as 'passive' subjects whose brains are either suppressed or excited and from viewing brain regions as black boxes to be disrupted or enhanced. By contrast, recently developed approaches are characterized by the use of detailed prior knowledge of the functional, physiological, and anatomical properties of the networks being targeted. Another key issue is the realization that the spatial resolution of NTBS will never be sufficient to physically stimulate a subpopulation of neurons. This is unfortunate, as cortical areas contain a range of neurons with different tuning and functional properties and a key aim in neuroscience is to understand this diversity. Consequently, while the 'conventional' approach has been useful for mapping cortical regions to cognitive functions, it lacks the functional resolution to study how these functions are implemented. This limitation can be overcome by considering the findings of several studies that have shown NTBS effects to result from an interaction between stimulation parameters (e.g., intensity, frequency) and brain activity patterns at the time of stimulation [1] [2] [3] [4] [5] . This indicates that NTBS outcomes may be tailored by both the manipulation of underlying brain
Trends
Conventional use of noninvasive transcranial brain stimulation (NTBS) in the study of perception and cognition involves enhancing or disrupting behavior, aiming to map cortical regions to behavioral functions.
Novel NTBS paradigms aim to understand how information related to perceptual and cognitive processes is represented by neural networks, mirroring the general philosophy of the information-based approach in functional neuroimaging. This is achieved by manipulations of stimulation parameters and prior/concurrent task demands to target specific neural networks or populations.
